I. INTRODUCTION Theories of anyons or particles with arbitrary spin and statistics in 2+ 1 dimensions have been attracting considerable attention, partially motivated by potential applications to the fractional quantum Hall effect, to high-T, superconductivity, and to the description of physical processes in the presence of cosmic strings. Since the origi- proach is to couple minimally point particles to a U(1) gauge field, sometimes called a statistical gauge field, whose dynamics is governed by the Chem-Simons action. The elimination of the gauge field leads to a redefinition of one-particle states; the new states carry arbitrary spin, determined by the coupling strength. In the relativistic context, possibly relevant to cosmic-string applications, carrying out the above procedure in a field theory (e.g. , scalar or spinor fields coupled to a ChernSimons gauge field) does not produce a description for a free single particle with arbitrary spin. Indeed, it is not clear whether the only effect of the gauge field is to endow the particle with arbitrary spin or whether residual interactions are present.
It is therefore of interest to construct a field theory where the fundamental fields are expected to represent the creation and annihilation of anyons.
As in any field theory, there are two aspects to the realization of Poincare symmetry for anyons. First, the oneparticle states should carry a unitary representation of the Poincare group; this can be achieved by use of an induced representation.
Second, for a manifestly covariant theory the basic fields transform as a linear representation of the Lorentz group. The field equations and subsi-
II. POINCARE GROUP REPRESENTATION
The representation of the Poincare group appropriate to one-particle states can be specified by values assigned to the invariants of the Poincare algebra:
[J~Jb] -ie~bcJ [Ja pb] t&abcp [p', p"]=o, metric g, b =diag(1, -1, -1) .
(2. 1a) (2. 1b) (2.1c)
Here P' and J' are translation and Lorentz-rotation gen- erators: P'=(H, P), J'=( -M, e'~L~), with M generating spatial rotations and L generating boosts. The constants A and c are set to unity. In 2+1 dimensions, the invariants are P and P Jand the natural choice for them is diary conditions (if any) then must be chosen so as to recover the one-particle Poincare group representation.
In this paper we propose a field equation that attains this goal; just as the Dirac equation is appropriate for spin--, ' particles and yields solutions that give a spin--, ' representation of the Poincare group, we offer an anyon equation that does the same job for planar particles with arbitrary spin.
In Sec. II we review the appropriate single-particle representation for the Poincare group in (2+1)-dimensional space-time. In Sec. III we examine explicitly how solutions to familiar equations for spin -, and 1 give rise to these representations, and we observe that both equations can be presented in terms of the Pauli-Lubanski scalar. The remainder of the paper is devoted to our proposal. We describe and solve the field equations in Sec. IV. Section V offers a gauge-theoretic formulation of the subsidiary conditions that are used in Sec. IV. A Lagrangian for our field equation is given in Sec. VI 
where (2. 12) (2. 13)
We then have (2.4) (p iI+ m ) never vanishes and s need not be quantized. If one adds the "monopole" field (s/2m )e'"'p, dpb 6 dp, to the standard symplectic form dx'5, dp"with p -m =0, We recognize that the Dirac equation is precisely the Pauli-Lubanski condition of (2.2), now applied to a wave function.
The positive-energy solution to (3.1) (we take the lower sign for the mass term) involves only one function q'(p),
which provides a one-component spin--, ' representation.
This can be explicitly seen as follows. Observe that P(p) of (3.4) may be presented as
where B(p ) is the boost (2.7), (2.9) in the representation Equations (5.2) are in fact equivalent to (4.10), (4.12), because F is just an auxiliary field, whose contribution, we shall presently show, vanishes as a consequence of (5.2).
But first, we rewrite Eqs. (5.2) in a more compact and useful four-dimensional notation.
We combine F', (1, -1, -1, 1) . We use the completely antisymmetric tensor e"& with e, &,3 = e, &, . Also, we introduce Pi'=(P', 0); P is taken to be zero for the time being, but this will be relaxed shortly. In this fourdimensional notation, Eqs. (5.2a) and (5.2b) can be comThe scalar product of (5.6) with Q~gives, upon use of the above equation and Q P =0, We can thus define our theory as the reduction to the SO(2,2) orbit Q =m, Q P=0 of Eqs. (5.3), (5.4) which are defined for arbitrary P", Q~.
We now turn to the gauge-theoretic interpretation of (5.3), (5.4). In looking for such an interpretation, one of the equations must be regarded as the field equation, while the other is to be regarded as the Bianchi identity, which leads to the introduction of potentials. In analogy to the topologically massive theory, we shall retain Eq. The field strengths F"are invariant under the gauge transformation = 2"+e"pD 0~i (P"O P-,O"), (-5. 16) where the gauge parameters ( Needless to say, (6.5) and (6.6) reduce, respectively, to the potential and (dual) field-strength versions of the action for the topologically massive theory when k is taken to be zero.
In (6.4), (6.5), or (6.6) We close with a remark about the quantization of the theory. The one-particle states of our theory have arbitrary spin; the phases generated by exchange of particles in a many-particle state must form a representation of the braid group. The anyonic field operators, at least after projecting onto physical polarizations, must therefore have very nontrivial algebraic properties. In particular, the theory has, implicitly, enough information to construct a representation, appropriate to the spin value, of the braid group. Seeing explicitly how this is achieved remains an open problem.
